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'1.''  Enplused  are  the  results  of  our  output  stuclles  on  the  M42  primer 
which  were  made  for  Mr.  Pelphrey.  This  material  v'ill  also  be  summarized  in 
our  final  report  of  the  referenced  contract. 
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ABSTRACT 

»  - 

V 

.  Vljc  output  characteristic' of  four  different  lots  of  M42  Percussion 
Caps  Lt.v';  'icon  studied  with  a  high-speed,  broad-band,  two-color  optical 
pyrometer  (UV/IR  Radiation  Output  Detector).  The  output  characteristics 
studied  were  the  relative  energy  history,  the  temperature  history,  relative 
brisance,  and  blast  pattern.  Lots  IWC  358  and  WWC  1-15  exhibited  low 
brisance,  long,  sustained,  burning  activity,  and  coruscation  in  the  output, 
l.ot  PA-lOl  exhibited  high  brisance,  little  burning,  and  no  coruscation. 

Lot  100  exhibited  low  brisance,  little  burning  and  no  coruscation.  The 
burning  temperature  of  all  four  lots  was  in  the  range  of  2500*^  to  2700* 
Kelvin. 


i 


■i 

■f 


a 


LM-B23:t7-1 


TABLE  OF  CONTENTS 


Page 

FOREWORD .  i 

ABSTRACT . ii 

1.  INTRODUCTION .  1 

2.  OUTPUT  PARAMETERS  STUDIED .  2 

2.1  Energy  History  of  Output  2 


2.kl  Initial  Burst  Period . 

2.1.2  Induction  Period . 

2.1.3  Burning  Period . .  . 

2.1.4  Energy  History  Summary . 

2.2  Approximate  Temperature  History . 

2.3  Brisance  . 

3.  SUMMARY  AND  CONCLUSIONS  ACCORDING  TO  LOT . 

3.1  Lot  WWC  358 . 

3.2  Lot  WWC  1-16 . . 

3.3  Lot  PA-101 . . 

3.4  Lot  100 . 

3.5  General  Conclusions . 

Appendix  A  -  Theory  and  Construction  of  UV/IR  Radiation  Output 


Detector  .  A 

Appendix  B  -  Additional  Data  on  M42  Primers  as  Supplied  by 

0.  Pelphrey . .  .  B 


iii 


CM  CM  <n  CO  CO  tr>  lo  u>  m  vo 


LM-B2337-1 


Figure  No. 

1 

2 

3. 

4 

5 

6 

7 

8 
9 

10a, b,c 
11a, b,c  . 


LIST  OF  FIGURES 


Drop  Tester  and  Detector  Arrangement 
Firing  Pin 
Centering  Fixture 

Typical  Initiation  Output  Trace  for  M42  Percussion  Cap 

Typical  Output  Trace  for  M2  Percussion  Cap  Showing 
Delay  Period 

Energy  History  M42  Cap 

a)  Lot  WWC  358 

b)  Lot  WWC  1-15 

c)  Lot  PA  101 

d)  Lot  110 

Energy  History  of  M42  Cap  Output  (Summary) 

Dual  Traces  (UV  &  IR)  Used  for  Temperature  Measurements 
Temperature  History  of  M42  Percussion  Cap 
Blast  Patterns  from  Lot  WWC  358 
Blast  Patterns  from  Lot  WWC  1-15 


r* 


iv 


OUTPUT  TESTS  M42  PERCUSSION  CAPS 


1 .  INTRODUCTION 

Under  the  sponsorship  of  Pleat;  intiy  Arsenal  the  Prank!  In  Institute 
Research  Laboratories  have  developed  an  e.lectropy rometrlc  device  which  nuy  be 
used  to  evaluate  the  output  of  detonating  devlrcs  such  as  blasting  caps  and 
fuze  trains  as  veil  as  deflagrating  devices  such  as  squibs,  primers  and  Igniters. 
This  device,  called  an  Ultraviolet/Infrarcd  Radiation  Output  Detector,  has  been 
used  to  discern  qualitative  and  quantitative  differences  ln‘ the  outputs  of  four 
different  lots  of  M42  Percussion  Caps. 

Briefly,  the  UV  (ultraviolet) /IR  (infrared)  Radiation  Output  Detector 
consists  of  two  broadband,  high  speed  photoirultlpllers  each  of  which  exhibits 
spectral  sensitivity  in  a  different  portion  of  the  spectrum.  The  photomultiplier 
are  directed  to  sense  the  output  radiation  and  the  resulting  voltage  signal 
from  each  photomultiplier  is  recorded  on  an  oscillograph  as  a  function  of  time. 
Since  the  spectral  distribution  of  any  light  source  is  dependent  upon  its 
temperature  and  energy  output  these,  aad  other  related  parameters,  can  be 
studied  by  properly  evaluating  the  oscillographic  data  produced  by  the  two 
photomultipliers.  The  construction  and  the  theory  of  the  UV/IR  Radiation  Output 
Detector  are  discussed  in  detail  in  Appendix  A  of  this  report. 

The  actual  arrangement  of  the  drop  tester  and  UV/IR  Radiation  Output 
Detector  is  shown  in  Figure  1.  A  3.5  ounce  steel  ball  wasj  used  at  a  drop 
height  of  7.5  Inches  giving  an  Impact  energy  of  26.5  inch-ounces.  This  Impact 
energy  is  more  than  enough  to  insure  the  firing  of  all  foil^r  lots  of  percussion 
caps.  The  all-fire  data  supplied  by  J.  Pelphrey  of  Picatinny  Arsenal  arc 
given  in  Table  IB  of  Appendix  B  for  each  lot  of  M42  Percussion  Caps.  Figure  2 
shows  the  details  of  the  firing  pin  which  was  used  and  Figure  3  shows  the  details 
of  the  centering  fixture.  Note  that  the  output  end  of  the  percussion  cap  is 
almost  completely  unobstructed.  Thus,  the  UV/IR  detector  is_  able  to  view  as 
much  of  the  output  flame  as  possible.  Since  the  radiation  level  from  some 
of  the  percussion  caps  was  low,  a  3.5  inch  distance  between  the  cap  and  detector 
was  necessary  to  Insure  sufficient  radiation  detection. 


2.  OUTPUT  PARAMCTPRS  STUDIED 


The  output  pni*araotfrs  vhi.c.h  were  specifically  studied  were  the  energy 
history,  approximate  temperature  history,  and  brisance.  From  these  parameters 
others  may  be  derived  but  these,  especially,  are  of  major  Interest. 

t 

2.1  Energy  History  of  Output 

Since  the  output  of  the  percussion  caps  is  relatively  "soft"  and  the 
shock  output  low,  most  of  the  energy  output  con  be  account<?d  for  by  observing  the 
intensity  of  the  emitted  radiation.  Furthermore,  the  temperature  of  output  flame 
and  subsequent  radiation  is  low  relative  to,  detonation  phenomena.  For  these 
reasons  the  energy  history  of  the  liA2  percussion  caps  was  observed  using  only 
the  infrared  photomultiplier  (an  RCA  7102).  Three  distinct  types  of  phenomena 
were  observed  in  the  output  of  the  percussion  caps. 

2.1.1  Initial  Burst  Period 

There  was  observed  In  all  the  lots  an  initial  burst  period  starting  ' 

at  the  first  trace  of  output  radiation  and  lasting  for  300  to  900  microseconds. 

In  most  cases  the  radiation  shows  a  rapid  rise  and  a  gradual  decay.  The 

short  duration  of  this  radiation  suggests  a  transient  type  of  initiation.  Although 

the  exact  mechanism  of  the  initiation  Is  not  known  the  action  of  the  firing  pin 

compressing  the  percussion  mixture  against  the  anvil  Is  a  reasonable  setting  for 

hot  spot  initiation.  Figure  A  shows  a  typical  oscillograph  produced  by  the 

I 

initial  burst  radiation. 

2.1.2  Induction  Period  Ij 

I 

In  the  case  of  lot  VJWC  358  and  l-IWC  1-15  there  was  observed  a  period  of 
little  or  no  radiation  output  (relative  to  the  initiation  radiation) .  On  an 
average  this  period  of  low  radiation  output  started  at  500  microseconds  and 
lasted  for  1000  microseconds.  Figure  5  Illustrates  this  phenomena.  It  is 
probable  that  during  this  period  the  percussion  mixture  is  undergoing  further 
initiation.  The  initial  flash  of  the  type  seen  in  Figure  A  may  be  a  very  local 
initiation  of  the  mix  and  the  percussion  mix  itself  may  not  encourage  further 
rapid  initiation.  Instead,  the  initial  flash  may  induce  the  surrounding  mixture 
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to  start  chemical  reaction  at  a  very  low  level  until  full-fledi'od  burning  can 
occur.  Thus,  the  delay  period  may  be  more  aptly  called  an  induction  period. 

2.1.3  Burning  Period 

The  third  phenomena  to  be  observed  with  IR  radiation  detector  was  a 
period  of  burnin;;.  The  long  irregular  radiation  plateau  identifies  the 
observed  phenomena  as  bujnlng.  The  burning  period  is  shovm  in  part  in  Figure  5 
and  usually  lasts  from  1.5  to  100  milliseconds  depending  upon  the  lot.  All 
four  lots  of  percussion  caps  exhibit  some  burning  after  the  initial  burst  or 
Induction  period. 

2.1.4  Energy  History  Summary 

The  energy  or  activity  history  of  each  of  the  four  lots  of  M42  percussion 
caps  is  summarized  gtaphically  in  Figures  6A  through  6D.  Data  from  5  to  10  firings 
in  each  lot  of  caps  were  averaged  so  that  each  curve  represents  the  energy  history 
of  an  average  item  from  the  particular  lot.  The  initial  burst,  induction,  and 
burning  times  as  well  as  the  relative  Intensity  of  each  of  these  phenomena  is 
shovm  on  these  curves.  The  same  data  are  summarized  in  bar-graph  form  in 
Figure  7.  In  general  the  range  of  variation  in  the  durations  and  intensities 
shown  as  an  average  in  Figures  6  and  7  is  +  60%  for  Lots  VWC  358  and  WC  1-15  and 
about  +  207,  for  Lots  PA-101  and  110.  ‘ 

2.2  Approximate  Temperature  History 

For  temperature  measurements  both  the  Infrared  and  ultraviolet  photo¬ 
multipliers  are  used  and  a  dual  trace  oscillograph  cf  the  type  shown  in 
Figure  8  is  obtained.  As  discussed  in  Appendix  A  the  temperature  of  the  source 
may  be  estimated  with  a  ratio  of  UV  to  IR  radiation  Intensity  if  the  source 
radiation  is  blackbody  or^^greybody  in  nature.  Due  co  the  composition  of  .some 
of  the  percussion  mixes  the  emitted  radiation  may  not  completely  fulfill  these 
conditions  so  that  the  temperature  history  presented  in  Figure  9  should  be 
called  approximate  in  lieu  of  further  investigations.  The  temperature-time 
curves  for  each  lot  are  average  values  for  the  particular  lot.  The  temperature 
range  of  2000®  to  2700®  Kelvin  seems  to  be  reasonable  for  a  soft  output  device 
such  as  a  percussion  cap. 


I 

2.3  Brisance 

When  speaking  of  "soft"  output  devices  such  as  the  MA2G  percussion  cap 
the  term  brisance  is  almost  without  meaning  since  the  term  Ik  a  properly  identified 
with  the  detonation  pressure.  Since  there  is  some  violent  action  associated 
with  thf»  W>2C.  rnpB,  howf>v<»r,  we  have  tried  to  make  some  eetimate  of  the  relativo 
brisance  or  "shattering  action"  of  each  lot. 


The  estimate  was  made  by  measuring  maximum  rate  of  rise  of  the  oscillograph 
truces  produced  by  the  initial  burst  radiation.  Figure  4  shows  such  an  oscillograph 
and  Section  2.1.1  of  this  report  discusses  this  type  of  radiation.  A  fast  rate 
of  rise  in  relation  to  a  slower  one  indicates  more  brisance.  Table  1  lists  the 
average  of  the  maximum  measured  rise  rates  ’for  each  lot.  The  actual  voltage 
rise  rate  as  measured  on  the  oscillograph  as  well  as  an  estimate  of  the  maximum 
radiant  watts  per  second  is  given.  The  latter  factor  was  computed  by  assuming 
a  510  ohm  load  across  the  RCA  7102  photomultiplier  output  and  an  average  radiant 
sensitivity  of  4  milllwatts/ampere. 

Table  1 

MAXIMUM  RATE  OF  RADIATION  INCREASE  OF  FOUR  LOTS  OF  M42  PERCUSSION  PRIMERS 

Rate  of  Increase  of 

Maximum  Voltage  Rate  of  Rise  Radiated  Power 

Lot  No.  (volts/millisecond) _  (watts/sccond) 


no 

.18 

.0014 

wwc 

1-15 

4. 

.032 

wwc 

358 

10. 

.079 

PA-101 

800. 

6.3 

If  we  allow  the  equation  of  these  rise  times  with  brisance  it  is  obvious  that 
Lot  PA-101  has  the  greatest  brisance.  This  Is  verified  in  practice  since  the 
cup  Itself  is  destroyed  when  the  item  is  fired.  The  cups  of  the  other  three 
lots  remain  Intact.  Audibly,  the  ranking  of  the  lots  corresponds  to  that  of 
Table  1.  Lot  110  produces  the  least  "snap"  whereas  lot  PA-101  sounds  like  a 
miniature  detonator. 
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3.  SUMMARY  AND  CONCLUSIONS  ACCORDING  TO  LOT 


3.1  Lot  WWC  308 

This  lot  has  the  longest  burning  time  of  the  four  lots.  It  .-il-so  shows 
the  greatest  variability  In  output,  burning  rimes  as  iow  ns  65  milliseconds  and 
as  high  as  250  milliseconds  have  been  observed.  To  gain  soiue  infomrition  as  to 
the  output  pattern,  a  7  inch  square  piece  of  white  poster  board  was  placed  beneath 
the  centering  fixture  at  a  distance  of  3.5  inches.  The  percussion  cap  was  fired 
and  any  solid  material  or  burning  of  tlic  card  vaas  noted.  Figures  lOA,  li  and  C 

arc  copies  of  cards  used  to  test  three  different  lots  of  WWC  358  percussion  caps. 

A  quantity  of  blast  material  has  adherred  to  the  card  thus  indicating  that  there 
Is  hot  solid  material  expelled  from  the  caps  (coruscation).  The  variability 
between  the  three  figures  (lOA,  B  and  C)  gives  some  indication  of  the  variability 
in  output  of  which  we  spoke  earlier. 

3.2  Lot  WWC  1-15 

Since  the  percussion  mix  of  this  lot  Is  similar  to  that  of  lot  KWC  358 

we  expect  and,  Indeed,  find  that  its  output  is  similar  to  the  WW'C  358  caps 

(see  Appendix  B  Table  2B) .  The  energy  history  of  both  lots  is  similar  and  both  lot 
reach  a  steady  burning  temperature  of  2500*  Kelvin.  Figures  llA,  B  and  C  show 
blast  patterns  for  three  caps  from  this  lot.  Typically,  there  is  more  coruscation 
from  WWC  1-15  items  but  the  patterns  seem  more  confined  and  reproducible  than 
those  of  lot  WC  358. 

3.3  Lot  PA-101 

The  high  rate  of  radiation  emission  (sec  Table  1)  from  this  lot  indicates 
that  there  Is  a  tendency  towards  detonation.  We  note  in  Figure  9  that  the 
temperature  rises  to  its  maximum  value  of  2660*  Kelvin  more  rapidly  than  the 
other  three  lots.  Also  noteworthy  is  the  extremely  Intense.  Initiation  radiation 
seen  in  Figure  6C.  The  other  three  lots  show  relative  initiation  Intensities  of 
only  5  or  10  while  the  PA-101  lot  .goes  up  to  400.  This  high  Intensity  may  be 


due  in  part  to  the  aluminum  content  in  the  percussion  mix  since  we  have  seen,  in 
our  exi^eriencc,  a  brlyhteninp,  of  detonator  radiation  due  to  aluminum.  There  is 
also  th<:  possibility  of  partial  shock  ionization  of  the  air  in  this  case. 

The  lead  styphnate  contained  in  the  nix  is  probably  the  largest 
contrlbutlni'  farter  to  the  high  bvlsnnce  and  the  explosive  nature  of  the.  output 
reaction  accounts  for  the  low-level,  short  duration  burning  in  this  lot.  The 
output  of  this  lot  would  be  good  for  initiating  other  explosives  which  require 
mild  shock  and  medium-high  temperatures. 

When  a  white  card  was  placed  under  the  PA-101  percussion  caps  only  a 
small  amount  of  loo.se  powdery  material  was  deposited.  The  material  did  not  adhere 
to  the  cards  indicating  that  the.  particles  were  small  and  probably  cool  by  the 
time  they  reached  the  card. 

3.4  Lot  no 

This  lot  has  the  least  brlsancc  and  shortest  burning  time  of  any  of  the 
four  lots  of  M42C  percussion  caps.  Even  though  its  percussion  mixture  is  similar 
to  that  of  the  PA-101  (see  Appendix  B,  Table  2B)  the  lead  styphnate  is  apparently 
diluted  to  the  point  where  it  will  not  exhibit  a  detonation-like  output.  The 
maximum  temperature  reached  by  this  lot  is  the  lowest  at  2520*  Kelvin  and  the 
white  card  test  shows  about  the  same  quantity  of  loose,  powdery  material  as 
the  PA-101  lot. 


3.5  General  Conclusions 

Final  conclusions  about  these  four  lots  of  M42  percussion  caps  should 
be  influenced  partly  by  the  exact  Intended  use  of  the  caps.  Lacking  this 
information  we  must  generalize.  Enough  data  has  been  collected  with  the  aid 
of  the  UV/IR  Radiation  Output  Detector  to  define  both  the  apparent  and  subtle 
differences  between  the  four  lots.  In  general  the  output  of  Lots  WWC  358  and 
1-15  seem  to  be  predominately  burning  in  nature  while  the  outputs  of  Lots 
PA-101  and  110  show  little  burning  and  a  tendency  towards  detonation.  One  could, 
therefore,  select  a  lot  to  perform  a  "soft"  or  a  "hard"  initiation  task.  Table  2 
summarizes  all  tests  on  the  M42  percussion  caps  on  a  relative  basis. 

•  ^  -  6  - 


Table  2 


RELATIVE  RATING  OF  FOUR  LOTS  OF  K42  PERCUSSION  CAPS 


Energy  evolved  Energy  evolved 


in 

initial 

burst 

in  biirninp, 

Re]  ative 

(in  less  than 

1  msec) 

Dur.'ition 

Anount  of 

Lot  No. 

Relative 

Brisance 

Peak  Interpretation 

Relative 

Magnitude 

Interpret . 
(msec) 

Coruscating 

Particles 

110 

2 

small 

.1  (negligible) 

1  negligible 

none 

WWC  1-15 

10 

small 

2  (medium) 

35  medium 

Medium 

Regular  Pattern 

WWC  358 

6 

small 

3  (large) 

110  long 

Medium 

Irregular  Patten: 

PA-101 

400 

large 

“.2  (negligible) 

4.5  short 

none 

( 
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1.  CG^'SZ-iUCTIO:!  0? 

Oar  output  detector  cor.cic'cs  of  tv/o  phouO.uultipliers  v.Viich 
.ucesure  the  ratio  of  the  intensity  of  a  broad  bai'.u  of  li^’bt  in  the 
ultruviolou  roj^ioii  o£  x'r.o  cjj.jcti'u.n  to  tho  ij-.x-'-noity  of  ii  broad  band 
of  li^ht  in  the  infrared  region  of  the  spoctr'cr'i.  Vhe  ultraviolet, 
photomultiplier  is  an  HCA  1?23  and  t-he  infrared  photojr.uluiplicr  is 
an  RCA  71G5;.  The  typical  relative  responses  of  those  photontultiplioi's 
as  used  in  the  output  detector  are  shown  together  in  I-’igure  Al. 

Figure  A2  shows  the  physical  layout  of  the  photomultipliers.  At  the 
top  of  the  picture  we  have  the  output  detector  housing.  At  left,  center 
we  sea  the  1?28  along  writh  its  dyr.ode  divider  resistors.  At  right, 
center  is  the  7102  v.'hich  receives  the  light  through  the  head  of  its 
envelope .  At  the  botton,  left  is  the  input  filter  ceil  housifig  which 
holds  protective  sapphire  ;/indov;3,  diffusers,  and  "gray'*  filters,  At 
botto.u,  right  ws  have  the  bear,  splitter  which  divides  the  incoming 
light  between  the  l?2o  and  7102.  Both  photo.rultipliers  are  shocicfounted 
and  the  asse-rbled  detector  is  show.!  in  Fig-ure  A3 .  Figure  A4  shows  the 
detector  on  its  tripod  (a  heavier  housing  for  the  1?2S,  is  shown  in  this 
Figure) . 

Figure  A5  is  a  sir.plified  block  diagrar.  of  the  entire 
detector  syste.r..  The  power  supplies  are  conventional  and  produce  a 
variable  voltage  of  fro.u  0 .  to  1200  volts  at  2C0  Jidllianaperfes .  The 
dynode  voltage  dividers  are  non-inductive  and  external  to  jthe  output 
detector  hcusir.g  to  prevent  temperature  problems  (a  modifibation  not 
shown  in  Figure  A2) . 

The  oscilloscope  used  is  a  dual  bear.  Tektronix  551. 

Presently,  the  rauio  of  UV  (Ultravioleu)  to  IR  (Infrared)  photomoltiplier 
outputs  is  taken  by  first  obtaining  a  set  of  traces  from  the  device  to 
be  studied  (see  tj'pical  traces  in  the  body  of  this  report)  and  then 
graphically  obtaining  the  UV/IR  ratio  as  a  ahucction  of  tir.-.a  by  using 
dividers.  This  is  time  consurdng  but  in  these  early  stages  automation 
of  these  calculations  is  vuinecessary. 
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TYPICAL  RELATIVE  RESPONSE 
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FtG.A-5.  BLOCK  DIAGRAM  OF  Pi, .'SENT  OUTPUT  DETECTION  SYSTEM 
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So.~o  of  the  churucteriotics  of  -he  detector  arc  as  follows: 

Response  region:  as  shown  in  Fig-are  A1 
Response  speed:  a  rise  ti-r.e  of  less  than  jiGO 

na*AOsooonu4o  h^^s  n  iiboasaro^v 

Linearity:  with  tho  proper  gray  filters  the 

linear! ay  is  v/iahin  2/'j  over  several 
BiagniTiudes  of  ligh-  intensity. 


2.  THHQ?i:?IC/iL  SfUDES 


In  a  practical  sense  tho  device  v;hich  we  have  described  dees 
not  K;easure  discrete  energj'’  transitions  as  described  by  tho  fundamental 
equation  “  ht  but,  rather,  averages.  Therefore,  an  equation  such 

w 

as  Planck’s  blackbody  equation  is  more  suited  to  describe  the  radiation 
emanating  from  the  explosives.  Indeed,  the  output  detector  itself  is 
actually  a  wo-color  optical  parameter  vjhich  wo  v.lll  discuss  briefly 
so  that  v/6  may  better  understand  the  operation  of  the  output  detector. 

As  a  start  we  refer  to  Planck's  equation'^  which  expressed 
the  specific  intensity  of  radiation  of  wavelength  \  radiated  by  a 
blackbody  at  the  temperature  T: 

^  -  1)"^  (1) 

where 

"  Radiant  flux  emitted  per  unit  area  per  UTiit  incre.ment 

of  wavelength,  watts/emVea 

—12  2 
“  constant  =  2.71  x  10  watts  cm 

constant  •=  1.433  cm 

X  *=  radiaoion  wavelength,  c.t. 

e  *=  2.71823 

T  “  abso3.ute  te.mpcrature  of  source, 


L, 


'Max  Planck,  Thecr'.’-  of  Hsf.t.  I^cmillian, 


1932,  p.  275. 
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c:c 


3ir.ce  there  are  r.o  peri* 
rejsec  the  ratio  of  radiant  fl 


ect  biackcodies,  ealssivity  (e)  v.'hich 
,u:-:  erltted  by  a  given  surface  to  that 
the  se.T.e  tcr;peratviro  and  waveler*gth, 


should 


0 • 


"'x 


(2) 


Z.Td.ssitivity  is  usually  a  function  of  both  vavelength  and  temperature  but , 
for  now  v.'a  v.lll  assvur.e  it  is  constant  over  the  wavelengths  of  interest. 

Scuation  (2)  may  bo  simplified,  if  XT  «  c^,  to  • 


"'X 


(3) 


which  is  knov.r.  as  V.’ien’s  Equation  and  is  a  good  approximation  for  tempera-- 
tures  below  iOGO‘K  ©••♦w  V<o»  ^Wmb*S««q v««S  in  the  visible  and  ultraviolet  portion 
of  the  spectrum,  if  wo  nov;  consider  that  a  .measurement  of  radiant  flux 
is  .made  at  uwo  different  v.aveler*gths  or  vravelerigths  bands  then  we  will 
rive  at  an  equation  v.'hich '.expresses  the  ratio’s  of  the  flux's  B.  and 

V  .  A,  .. 

“X  * 


R  » 


cc,  XT^ 
®°1  ^3^ 


(4) 
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The  eird-ssivity  v;hich  vo  h£.Y<j  cor.sicerod  i,o  bc:  const.Cir*t  over  t;.o 
v;aveleriSbhs  of  iiitorost  has  been  ccnicelloa  out.  in  equation  (5)  and 
the  ratio  P.  is  only  a  function  of  teniperature  T.  In  actual  practice 
there  are  fev;  surfaces  or  radiation  sources  ^irhich  possess  an  ciussivity 
which  is  constant  at  ell  wavelengths,  }iOv;ever,  the  raaio  pyronctor  is 
useful  because  the  enissitivity  of  a  surface  varies  slowly  over  a 
range  of  'wavelengths .  I'h'us,  if  the  two  noasured  v;avelengtho  are  not 
too  far  apart  then  the  ratio  of  the  enissivities  v;ill  be  close  to  one 
and  equation  (5)  will  be  valid.  Since  orl-y  a  ratio  is  being  measured 
the  ratio  pyro:.:etar  is  not  ax'fected  by  fluctuations  of  the  radiation 
source  (if  the  sensors  can  follov;  the  fluctuation)  due  to  dust,  s.toke 
or  changes  in  the  source  size. 

The  following  are  so.T.e  references  which  deal  directly  or 
indirectly  with  the  two  color,  pyro.7.eter: 

1.  Laratore,  3.  G.  and  Johnson,  D.M.,  A  Xethod  for'Deterninirg 
une  ^x«ecw.kVc  Cinu.vwang  ^onperawure  os  a  PaatataAg  oody, 

U.  S,  Naval  A.7.7iUnition  Depot,  Crarie,  Indiana  HDTR  No.  44,  AD  60415 

2.  Kottenstette,  J.?.;  Fast  Pespor.se  Optical  J^rofceter;  Design 

News;  Dec.  9,  ?p«  165-193 • 

3.  Derr.en,  P.  ar.d  Pciffel,  L.,  Develcpa.snt  of  an  Fxploding  V.'ire 
Facility  (Confidential  P.port),  Ar.T.oui*  Pescarch  Foundation, 

Wu3D  I?.  61-45,  AD  326  156. 

4.  Gerhaussr,  J.  X.  Spectral  3.t;;'isivity  of  Flash  Co.7.bu5tion  Reaction 
NA  64-IO5 ,  AD  451  92? . 

5.  Various  Co.'nr.ercial  concertr.s. 
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It  is  of  irr.-.'.orttjr.co  to  Icr.ov;  the  i:Tj':>or  and  lov;or  lijrats 

•  0  •  * 

oi  the  du^.OwOr's  tcr.pji'azure  n;oa.surinj~  c.uili'oy.  In  order  to  deteradno 
the  epvprexL’.'.-te  tc-.v.pe nature  rano  of  the  output  detector  system  we 

calculations  using  the  follov.-ing  assunptions : 


uerfor.v.ed  sot.o  empirical 


3. 


Both  the  l?2c  and  the  7102  arc  assumed  to  have  the  same 
radiant  sensitivity  at  thoir  pc.v;  reL>ponso.  (This  could 
be  broupi.t  about  in  actual  practice  by  properly  adjuetins 
the  power  supply  voltc.ge  to  v:ach  photomultiplier.) 

Both  phototveltiplicrs  arc  assumod  to  have  the  response 
sltov.r.  in  Bijure  11.  The  response  curves  are  those  specified 

itive  devices  and  in  actual 

practice  the  responses  shovJ.d  Vt.ry  little  from  those  given. 
Xote  thet  the  radiant  sensitivity  of  each  detector  is  the 

The  hypothetical  source  of  radiant  energy  is  assumed  to  be 
a  perfect  blacUbcdy  radiator.  This  v/ould  .mean  that  the 
end-ssivity  of  the  source  vd.!!  be  1.0  at  all  v;avelengths  of 
^n worc. s ti. .  as  aouo^^i-.^  wna^  ^no  rc^dxcnw  outpuu  ox  actual 

nils  •.-.•ill  have  this  property,  iiowever,  v.’e  have  shown  that 
the  liv/l?.  ratio  .meas'uring  technique  is  insensitive  to  the 
magnitude  of  the  e.missivity  as  long  as  t  ssivity  is 
fairly  constant  over  the  v;avelengths  of  interest.  (Sven 


tnis  as  procao-y  not  true  out  tne  oroaa  response  oanas  oi 
the  output  detector  tend  to  avex'a.ge  the  variations  of 
evlssivity) .  eso  assumptions  v;e  may  now  .7.ake  a 

theoretical  estimate  of  the  te.mporature  ra:'.ge  and  output 
characteristics  of  the  output  detector  sy5te.m.  Tables  are 
available'*’  which  dei’ina  the  percentage  of  radiation  at  each 
wavelength  eminating  ab'o.m  a  blc.ckbody  at  a  given  te.m,peraturo . 
Bijure  16  shov;s  so.m3  cf  these  data  graphically  for  tvw 
different  temperatures . 

( 

By  .multiplying  the  percentage  of  radiation  emitted  by  a 
blaclbcdy  at  a  given  wavelength  and  te.mperature  turner,  th^  sensitivity 
of  the,  photomultiplier  (s)  at  the  sa.me  xvaveler.gth  a  curyi  of  photo.multipli 
output  as  a  xluncticn  of  wavelength  will  be  generated  ibr.  each  te.mperature . 

wO^ra v*«e  u..u^r  wnoc.e  curves  v.^^n  wne  a^d  "of  a  plcUAi..4eter 
a  curve  cf  photc.multiplier  output  as  a  function  of  blackbody  te.mperature 
.may  be  obtained.  These  curves,  one  for  each  photomultiplier,  are  plotted 
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notice  that  the  7102  or  infrared  detector  roaches  a  peak 
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or  ultraviolet  detector  reaches 


At  6500 both  detectors  have  equal  outp 
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COLOR  CONTENT  OF  THE  RADIANT  FLUX  EMITTED  BY  A  BLACK  BODY  AT  VARIOUS  TEtVPERATURES 


ne.  A-7.  PHOTOMUtTiPLIER  OUTPUT  AS  A  FUNCTIOti  OF  BLACK  BODY  TEMPERATURE 


sj  r.ii'f}  ’cdcin-i  the  of  the  output  of  the  UV  detector 

to  thet  of  the  7102  detector  v;e  obtc.lr.  the  curve  of  u7/IH  output 
r&tio  £.3  &  function  of  te.*r.per&tur5  £.s  ohetr*  ir.  rii^ure  /3.  It  is 
oovuous  whs  * ui*c wmOU  us  Ue w  u^ucchr  end  ur*erSi^ore^  uri  uCb<ue.^ 
practice  a  curve  such  as  this  would  bo  r.ocoosary  if  ar*  estimate 
of  so.uc  output  tc:.'.pers.ture  v/oro  requlri^c.  For  output  nodL.ure;.'.or*t£> 
or*  a  series  of  siruilar  devices  r;o  ttr.o\-;'i.cd^o  of  actual  temperatures 
•would  be  required,  oi'uLy  the  knowledge  that  increased  UV/IR  ra*tio 
indicates  increased  temperature  'would  bo  needed,  but  for  squibs 
and  igniters  one  might  vdsh  to  measure  temperature.  Figure  A£ 
shews  tr.at  the  useful  range  of  the  present  output  detector  system 
probably  lies  in  the  region  from  2000®  Kelvin  t-o  above  9000®  Kelvin. 
According  to  Cook  the  temperatures  to  be  e:cpectod  from  detonations 
lie  in  the  range  of  20C0  to  6000®  Kelvin.  Squib  temperatures  are 
prooaoly  no  u.ov'er  w..un  .'^e^vu^^,  so  vnww  une  present  output 

detector  system,  seerus  adequate  for  tho  .measure::.ent  of  the  temperature 
of  interest.  Should  the  need  arise  later  to  measure  reactions  of 
lower  tarperature  a  si-mpls  substitution  of  a  different  photomultiplier 
in  place  of  the  l?2o  v.'ould  ful.fill  it. 
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